OBJECTIVE: Studies in school-age children have consistently shown a positive association between maternal paid work hours and child obesity. However, there is conflicting evidence about the impact of maternal work hours scheduled at nonstandard times (for example, evenings, nights or weekends), and no previous examination of paternal work schedules and child weight. We examined the associations between maternal, paternal and combined parental paid work schedules and overweight/obesity in children at age 9 years. METHODS: Data were analysed from the most recent follow-up of 9-year-old children (n ¼ 434) in an Australian birth cohort study. Children were measured and classified as overweight/obese using the International Obesity Taskforce body mass index cutoff points. Current working conditions of parents were obtained from a structured interview with the primary caregiver. Logistic regression analyses were used to investigate the effect of parental work schedules on child overweight/obesity with adjustment for a range of sociodemographic and household factors associated with parental employment and child weight. RESULTS: At 9 years of age, 99 children (22.8%) were overweight or obese. When parental work schedules were examined separately, child overweight/obesity was significantly associated with paternal nonstandard work schedules (adjusted odds ratio (OR) 1.97, 95% confidence interval (CI) 1.08 --3.61). There was no association with any type of maternal work schedule. We also found an association between child overweight/obesity and circumstances in which both parents worked nonstandard schedules; however, this was of borderline statistical significance in the adjusted models (adjusted OR 2.26, 95% CI 0.99 --5.16). CONCLUSION: Work hours scheduled at nonstandard times, when worked by the father or both parents, were associated with child overweight and obesity. These findings indicate the potential importance of fathers' paid work arrangements for child overweight/obesity, which until recently has largely been ignored.
INTRODUCTION
The prevalence of overweight and obesity in school-age children has risen sharply since the early 1980s, and is now estimated to be between 20 and 30% in a number of western nations. 1 Children who are overweight/obese face a range of physical and psychological health problems in the short and long term, 2 and are more likely to follow a trajectory of overweight and obesity into adulthood. 3 There is a considerable body of research investigating the influence of maternal employment on child overweight/obesity, 4, 5 as the increase in observed prevalence has coincided with substantial changes to family dynamics, in particular, a rise in dual-income families. A major focus of research has been the intensity of mothers' work hours, with some authors arguing that longer hours are likely to impact on the time available for responsive family interaction, 6 --9 as well as time to prepare nutritious meals or supervise children's physical activity. 10, 11 Indeed, long maternal work hours have consistently been associated with child overweight/obesity in several developed countries. 12 --16 In contrast, there appears to be little or no association between the duration of paternal paid work hours and child overweight/obesity; 15, 17, 18 however, this has received considerably less attention in the literature.
Changes in work conditions in recent decades have not been confined to mothers, as there has been a significant increase in the proportion of families with one or both parents working nonstandard hours (for example, on evenings, nights or weekends). 19, 20 However, there has been limited examination of the impact of work hours scheduled at nonstandard times on child weight within the collective family unit. The findings of the two previous studies examining mothers' work schedules and child body mass index (BMI) are incongruent, with nonstandard work schedules being associated with overweight/ obesity among adolescents, 21 but not in children aged 8 --12 years. 5 The contribution of paternal work schedules to child weight has not been examined, either alone or in conjunction with mothers' work schedules. The aim of this study was to explore the impact of maternal, paternal and combined parental work schedules on overweight/obesity in children at 9 years of age.
MATERIALS AND METHODS

Study design and sample
This study is based on the analysis of data collected in the most recent follow-up of the Generation 1 Study, a prospective longitudinal study of 557 women and their children living in Adelaide, South Australia. The study is described in detail elsewhere. 22 Briefly, eligible women were aged X18 years, Caucasian and free from certain conditions known to affect fetal growth. The sample of mothers was broadly representative of all women who gave birth in South Australia during the cohort's establishment. 22 Women and their children have been followed up through pregnancy, at birth and on eight subsequent occasions. This study is based on the follow-up that occurred in 2008 --2010, when participating children had reached approximately 9 years of age. Families were visited at home and participated in an interview and anthropometric assessment undertaken by trained research nurses. Information about maternal (or primary caregiver) and paternal (or secondary caregiver) working arrangements was collected during the interview, based on standard questions about employment taken from the 2004 Australian Labour Force Survey 23 and the Household, Income and Labour Dynamics in Australia Survey. 24 During the interview, information about a range of potentially relevant covariates was also collected. All participants (mothers and children) in the study gave written informed consent, and the research study procedures conformed to the principles of the Declaration of Helsinki. The University of Adelaide Human Research Ethics Committee approved the study.
Outcome measures
The primary outcome in this study was overweight or obesity in children based on a standardised classification of BMI derived using age-and sexspecific thresholds recommended by the International Obesity Taskforce. 25 Children's weight was measured to the nearest 100 g using electronic scales (Tanita Body Composition Analyser TBF-300, TANITA Corporation, Tokyo, Japan) and height was measured to the nearest 0.1 cm using a portable stadiometer (Invicta, Model no. 0955, Invicta Plastics Limited, Leicester, UK). Weight and stretch standing height measures were taken while children were barefoot and wearing light clothing. BMI was calculated as weight in kilograms divided by height in metres squared. 26 Using the methods of Cole et al., 25 children were classified as normal weight, overweight or obese using age-and sex-specific BMI cutoff points that correspond to established cutoff points for these weight categories in adults (o 25 kg m À2 for normal weight, 25 --o30 kg m À2 for overweight and X30 kg m À2 for obese). The Stata function zbmicat 27 was used in this derivation, and the categories of overweight and obese were amalgamated in subsequent analyses.
Parental work schedules
Standard work hours were considered to be from 0900 to 1800 hours on weekdays (or part-time hours that fit within this time frame). Nonstandard work hours included shift work and working after 1800 hours (including work at home), overnight or on weekends, all of which are increasingly common, especially in the service industry. During the study interview, all employed mothers were asked to report the frequency within their current primary job that they worked shift schedules, after 1800 hours (including work at home) or overnight, or on weekends. Responses were recorded on a five-point scale ranging from always, often, sometimes, rarely and never. In instances where the mother had a partner who was employed, she was asked to indicate how often her partner, in their current primary job, worked shift schedules, after 1800 hours or overnight, or on weekends.
This information was used to classify the work schedules of each parent as standard or nonstandard. A nonstandard work schedule was defined as always or often working shift schedules, after 1800 hours or overnight, or on weekends. Variables were developed which described the work schedules of mothers (standard, nonstandard, mother not employed), fathers (standard, nonstandard, father not employed, no father in the home) and both parents combined (both parents standard, both parents nonstandard, mother standard/father nonstandard, mother nonstandard/ father standard, only one parent employed and worked a standard schedule, only one parent employed and worked a nonstandard schedule, neither parent employed, lone parent family).
Covariates
Information on potentially relevant covariates was taken from the 9-year interview, as well interviews undertaken in previous waves of the study. Covariates considered were usual hours per week worked by the mother (o16, 16 --34, 35 --44, X45 and mother not working), usual hours per week worked by the father (o35, 35 --44, X45, father not working and no father in the home), maternal age at birth of the study child, child sex, highest level of maternal education at the 9-year interview (high school not completed, high school completed, completed Technical and Further Education College or completed university), average weekly gross family income at the 9-year follow-up (o$600, $600 --1299, $1300 --1999 and X$2000) and usual time per day (in min) the study child spent in front of a television (TV), or a computer or a game system (that is, screen time) on weekdays (0 --60, 61 --180 and X181 min per day) and weekend days (0 --120, 121 --240 and X241 min per day).
The above factors were chosen to reflect influential variables on parental paid work and child overweight and obesity identified in previous research. 15, 16, 21 It is possible that some of these covariates (for example, income, time spent in front of a TV, computer or game system) may be on the causal pathway linking parental work arrangements to child obesity. In our analyses, we have adopted a conservative approach and adjusted for these covariates, as there is current debate about whether they are independent determinants of obesity or mediating factors. As a result, the final statistical model may reflect over-adjustment; we therefore present interim models in some detail.
Statistical analysis
Logistic regression analyses were used to investigate the effect of parental work schedules on child overweight/obesity at 9 years. Models were fit to investigate the effect of (a) the mother's work schedule, (b) the father's work schedule and (c) the combined parental work schedules. To assess the effects of covariates on the fit of the basic models, models that included the following factors were constructed: usual hours per week worked by the mother and usual hours per week worked by the father (Model 2); Model 2 þ highest level of maternal education, maternal age at birth, child sex and average weekly household income (Model 3); and Model 3 þ usual screen time per weekday and weekend day (Model 4). In addition, Models 2 --4, investigating the effect of mother's work schedule, were also adjusted for the father's work schedule, and Models 2 --4, investigating the effect of father's work schedule, were also adjusted for the mother's work schedule.
Results are presented as odds ratios (OR) and 95% confidence intervals (CI). All analyses were conducted using Stata 10.1 for Windows. 28 
RESULTS
Of the original cohort, 443 (79.5%) families participated in an interview at 9 years. Complete information about child weight, parental paid work and income was available for 434 families (77.9% of the original cohort). The study child's biological mother was the respondent in 425 (97.9%) interviews. The remaining interviews were conducted with the child's biological father (n ¼ 4), step-mother (n ¼ 4) or grandmother (n ¼ 1).
Mothers of children not participating in the study at the 9-year follow-up were significantly younger (P ¼ 0.004) and had a lower level of completed education (P ¼ 0.020) than mothers who did participate. However, the sample still included adequate distribution of the full spectrum of these variables. There were no differences between participants and non-participants for other baseline demographic variables, including household income, number of children and marital status.
At the time of the study interview, 335 (77.2%) children were categorised as normal weight and 99 (22.8%) were overweight or obese. Table 1 shows the sociodemographic and lifestyle characteristics of participating families. Briefly, the mean age of mothers at the birth of the study child was 30.1 years (standard deviation 4.9). Approximately two-thirds of mothers (284, 65.4%) had completed further education and training (beyond high school) at the time of the study interview.
In three quarters of two parent families (n ¼ 368), both parents were employed (n ¼ 277, 75.3%). Similarly, in lone parent families (n ¼ 66), close to three quarters of parents were employed (n ¼ 47, 71.2%). Table 2 shows the parental work schedules and work hours among study families. In 141 families (32.5%), the mother's work schedule was nonstandard, in 171 families (39.4%) the father's work schedule was nonstandard and in 55 families (14.9% of two parent families), both parents worked a nonstandard schedule.
Paid work schedules of mothers Table 3 presents results of the multiple logistic regression analyses examining the association between work schedules of mothers and child overweight/obesity. There was no significant association between type of work schedule and child overweight/obesity at 9 years in the unadjusted model (that is, Model 1). Adjustment for the work hours of each parent, the father's work schedule, sociodemographic factors and the time the child spent in front of a computer, television or game system did not alter these findings. However, in the adjusted models, we found a significant association between overweight/obesity and several of the covariates, including longer maternal work hours (Models 2 --4), female child sex (Models 3 and 4) and nonstandard work schedules among fathers (Models 2 --4).
Paid work schedules of fathers In the unadjusted model (Model 1), compared with fathers who worked standard work schedules, there was a significant increase in the odds of overweight/obesity among children of fathers who worked nonstandard schedules (OR, 1.68; 95% CI, 1.00 --2.80) ( Table 4 ). This association remained significant in the statistical models that included parental work hours, the mother's work schedule, sociodemographic covariates and the time the child spent in front of a computer, television or game system (adjusted OR, 1.97; 95% CI, 1.08 --3.61). There was no association between child overweight/obesity and the presence of a father not employed. Of note, in the adjusted statistical models, we also found a significant association between overweight/obesity and longer maternal work hours (Models 2 --4) and female child sex (Models 3 and 4).
Combined parental paid work schedules Table 5 presents results of the logistic regression analyses examining the association between combined parental work schedules and child overweight/obesity. In the unadjusted model (Model 1), compared with parents who both worked standard schedules, there was an increase in the odds of overweight/ obesity among children of parents who both worked nonstandard schedules (OR, 2.10; 95% CI, 0.98 --4.47). However, this did not achieve conventional statistical significance (at the 5% level) and remained borderline (P ¼ 0.052) after adjustment for parental work hours, sociodemographic covariates and time the child spent in front of a television, computer or game system (adjusted OR, 2.26; 95% CI, 0.99 --5.16). There was no significant association between child overweight/obesity and combined paid work schedules for situations in which one parent (either mother or father) worked standard and the other worked nonstandard schedules, only one parent was employed (irrespective of schedules) or neither parent was employed. Of note, in the adjusted models, we again found a significant association between overweight/obesity and longer maternal work hours (Models 2 --4) and female child sex (Model 4).
DISCUSSION
In this study, having a father who worked a nonstandard schedule was strongly associated with child overweight/obesity. This association remained after adjustment for maternal paid work hours and schedules, paternal paid work hours, household income and a range of other maternal, household and lifestyle factors. We also found an association between child overweight/obesity and Included the usual hours per week the mother worked, the usual hours per week the father worked, the father's work schedule, highest maternal education level, maternal age at birth, sex of study child and average weekly household income. c Included the usual hours per week the mother worked, the usual hours per week the father worked, the father's work schedule, highest maternal education level, maternal age at birth, sex of study child, average weekly household income, and usual screen time per weekday and weekend day. *Po0.05. being in a family where both parents worked nonstandard schedules, although this was of borderline statistical significance in the models that adjusted for all social, household and lifestyle covariates. This association appears to be largely driven by the influence of the work schedules of fathers, as we found no association between maternal work schedules only and child overweight/obesity. These findings suggest a greater role for the timing of fathers' work hours than mothers' in the maintenance of child weight, and represent a substantial advance on previous research in this area, which has largely focused on the impact of the duration of maternal work hours.
The pathways through which fathers' work arrangements impact on child obesity are not well understood. In our study, socioeconomic circumstances and other household characteristics did not explain the observed association. While speculative, we suggest that nonstandard work schedules among fathers contribute to additional time pressures on families, which result in the family food environment being compromised to relieve pressure. Further, we suggest that the pressure created by nonstandard working arrangements is disproportionately 'felt' by mothers, for reasons outlined below.
In recent decades, although there has been an increase in the proportion of mothers in the labour force, the division of unpaid work in families has not changed substantially. While small increases in fathers' contribution to domestic tasks 29 and childrearing 30, 31 have been observed, mothers continue to have Table 4 . The association between father's paid work schedules and child overweight/obesity (n ¼ 434) Abbreviations: CI, confidence interval; GS, game system, OR, odds ratio; TAFE, Technical and Further Education; TV, television. a Included the usual hours per week the mother worked, the usual hours per week the father worked and the mother's work schedule. Included the usual hours per week the mother worked, the usual hours per week the father worked and the mother's work schedule, highest maternal education level, maternal age at birth, sex of study child and average weekly household income. c Included the usual hours per week the mother worked, the usual hours per week the father worked and the mother's work schedule, highest maternal education level, maternal age at birth, sex of study child, average weekly household income, and usual screen time per weekday and weekend day. *Po0.05.
greater responsibility for these tasks. 29, 32 Furthermore, the increased time fathers spend with children has been most pronounced on non-work days rather than work days, 30 and is more often spent playing, talking or participating in recreational activities rather than activities such as feeding, cleaning and putting children to bed. 31 As a result, mothers continue to do more of the routine child care tasks, particularly on work days.
A recent Australian study of time use within families suggested that that the gendered division of unpaid labour is most pronounced in households where fathers work nonstandard hours. 33 In that study, in both single and dual income families, mothers spent significantly more time in domestic work and child care if their partner worked nonstandard hours; however, for fathers, having a partner work nonstandard hours did not substantially alter their time investment in these activities. Therefore, we would argue that paternal nonstandard work schedules result in mothers being required to do even more unpaid work and child care, and it is likely that mothers inadvertently adopt strategies to save time that contribute to child obesity. For example, the purchase of partly or fully prepared meals that are often energy dense, high in fats, sugars and salt, and served in excessive portions. 34 --36 Our findings are broadly consistent with recent work by Benson and Mokhtari, 37 who showed that additional work hours of both the mother and father were positively associated with child BMI; however, at the margin, paternal work hours appeared to Table 5 . The association between combined parental paid work schedules and child overweight/obesity (n ¼ 434) Included the usual hours per week the mother worked, the usual hours per week the father worked, highest maternal education level, maternal age at birth, sex of study child and average weekly household income. Included the usual hours per week the mother worked, the usual hours per week the father worked, highest maternal education level, maternal age at birth, sex of study child, average weekly household income, and usual screen time per weekday and weekend day. *Po0.05.
influence child BMI to a greater extent than maternal work hours. Furthermore, our finding of no independent effect of maternal nonstandard schedules is in agreement with the study by Morrisey et al. 5 in children of a similar age group. On the other hand, Miller and Han 21 showed an association between mothers' nonstandard work hours and BMI among adolescents, but only when mothers had spent less than 5 years or more than 10 years in nonstandard schedules at the time her child was 13 years old. This lack of consensus may be explained by the different ages of children across these studies. Older children, such as in Miller and Han's study, may receive less adult supervision of their time, which in turn could lead to poorer food and/or physical activity choices. The possible role of the child's age in modifying the relationship between maternal work schedules and overweight/obesity needs further investigation.
Another explanation for the lack of association between child weight and maternal nonstandard work schedules is that these arrangements are often associated with part-time work, with mothers organising their work hours to fit around the needs of the family and their partner's work hours. 33 This may be adopted by mothers to ensure their availability for key activities that have little flexibility in the times they can be undertaken, such as meal preparation or transport for organised sport. When a mother is unable to respond to family needs by cutting her paid work hours or scheduling them outside of key times, the total number of hours she works becomes important, with longer hours associated with disruption to family routines. This is consistent with the large body of research demonstrating an association between long maternal work hours and child overweight/obesity. 12 --16 In our study, when maternal work hours were incorporated into the statistical models, we also observed an independent association between longer work hours (35 --44 h per week) and child overweight/obesity.
The strengths of this study include the involvement of families representing the full spectrum of socioeconomic circumstances at baseline, the high participation over the decade since the cohort was established, the high quality of data collected as a result of families being seen in-person for the physical assessments and structured interviews, and the assessment of both maternal and paternal working arrangements. The latter enabled a more detailed examination of parental paid work arrangements than earlier studies, including consideration of the inter-related impact of mother's and father's work schedules. A limitation of the analyses presented in this paper is that they are principally based on cross-sectional exposure data and from a relatively small sample, which may have reduced our statistical power to detect small differences. Another limitation is that we have no information about the degree of control parents had over their work schedules, which may influence the time spent with children, particularly fathers, as there is evidence of increased participation in child care by men who exercise greater autonomy over their work conditions. 30 In this study, detailed information about the amount of time each parent spent with the child was not collected. Nevertheless, we see this research as an important first step in the examination of the impact of paternal work schedules on child weight and call for future research to replicate and extend the findings on a larger scale and in other settings.
CONCLUSIONS
An increase in nonstandard paid work arrangements has been observed in many developed countries, 38 and trends suggest that employer demand for these arrangements will continue to rise in the future. 39 This study provides the first evidence of the impact of fathers' and combined parental nonstandard paid work schedules on child overweight/obesity---challenging the focus of previous research on the potential adverse effects only of maternal employment. 10 The pathway(s) underlying these associations remain unclear. Further research should consider in detail how nonstandard work schedules disrupt family life, including the impact on experiences of family stress, the quality of the child's diet and opportunities for participation in physical activity. Since the association between paternal and combined parental nonstandard paid work schedules and child overweight/obesity does not appear to be accounted for by socioeconomic status, our results point to a need for upstream economic and labour market policy reform rather than targeted interventions for 'at-risk' families. While nonstandard paid work schedules have been promoted (by some) as beneficial for families in meeting work/ family needs, 20, 40, 41 there is a gendered impact of these arrangements, 33 that is most detrimental to working mothers' time for family and themselves. We would also argue that many couples would not choose for both parents to work nonstandard schedules; it is likely that a lack of equivalent-income jobs with standard schedules is a problem. Our findings indicate the importance of considering the working arrangements of fathers in addition to those of mothers in any intervention aiming to reduce child overweight/obesity.
